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 RESUMO 
O objetivo neste estudo foi avaliar os efeitos da contaminação com saliva, 
sangue e saliva+sangue na resistência de união por microcisalhamento (RUµC) 
entre cimento resinoso e cerâmica e o melhor método de limpeza para restabelecer 
o valor de resistência da união original. Cento e sessenta discos de cerâmica (IPS 
e.max Press) foram confeccionados e separados em quatro grupos de acordo com a 
contaminação: saliva (S), sangue (B) e saliva+sangue (SB) (n=50) e grupo controle – 
sem contaminação (CT) (n=10). Os métodos de limpeza utilizados foram: ácido 
fosfórico a 37% (PA), ácido hidrofluorídrico a 5% (HF), spray de ar-água (AW), pasta 
de limpeza Ivoclean (IC), nenhum método de limpeza (NT). As superfícies das 
cerâmicas foram jateadas com partículas de óxido de alumínio e condicionadas com 
HF a 5%. Após a contaminação seguida dos métodos de limpeza indicados para 
cada grupo, a superfície da cerâmica foi tratada com agente de união silano seguido 
de uma fina camada de adesivo hidrófobo. Três cilindros de cimento resinoso (=1 
mm) foram confeccionados na superfície de cada cerâmica e os conjuntos 
armazenados em água deionizada à temperatura de 37ºC por 24 horas. O teste de 
RUµC foi realizado na máquina de ensaio universal (Instron) à velocidade de 1 
mm/min até ocorrer fratura. As áreas das fraturas das amostras foram analisadas em 
microscópio óptico com aumento de 40 x e classificadas de acordo com o tipo de 
fratura: adesiva (modo 1), coesiva em cimento resinoso (modo 2), coesiva em 
cerâmica (modo 3), e mista, envolvendo cimento resinoso e adesivo (modo 4). Os 
dados foram submetidos à análise de variância de dois fatores e ao teste de Tukey 
post hoc (α=0,05). Análise de variância um fator e teste de Dunnet foram usados 
para comparar os grupos experimentais com o grupo controle - sem contaminação 
(α=0,05). Quando os contaminantes foram comparados, a média de RUμC da saliva 
foi significantemente maior que os demais contaminantes para método de limpeza IC 
e entre a saliva e o sangue para NT (p<0,05). O método mais efetivo para limpeza 
das amostras contaminadas com S foi o IC (p<0,05), enquanto que nos casos com 
vestígios de sangue, nenhum método foi capaz de igualar os valores do grupo 
controle (p<0.05). A predominância de falhas mistas (modo 4) foi detectada para 
todos os contaminantes e métodos de limpeza com leve predominância de falhas 
adesivas (modo 1) para o método de limpeza AW. A contaminação da cerâmica com 
saliva, sangue e saliva+sangue diminuiu significantemente a RUμC. Os métodos de 
limpeza aumentaram a RUμC da cerâmica contaminada. A pasta Ivoclean à base de 
 óxido de zircônio foi mais efetiva quando aplicada na cerâmica contaminada com 
saliva. 
Palavras-chave: cerâmica, contaminação, métodos de limpeza, resistência de união, 
saliva, sangue. 
 ABSTRACT 
The aim of this study was to verify the effects of saliva, blood and saliva+blood 
contaminations on microshear bond strength (µSBS) between resin cement and 
ceramic, and the best cleaning methods to re-establish the original resin cement-
ceramic bond strength. One hundred sixty ceramic discs (IPS e.max Press) were 
fabricated and divided in four groups according to contamination types: saliva (S), 
blood (B) and saliva+blood (SB) (n=50) and control group – no contamination (n=10). 
The cleaning methods were: 37% phosphoric acid (PA), 5% hydrofluoric acid (HF), 
air/water spray (AW), Ivoclean (IC) cleaning paste, no cleaning method – no 
treatment (NT). The ceramic surfaces were sandblasted with Al3O2 and etching with 
5% HF. After contamination followed by cleaning methods, the ceramic surface was 
treated with a silane coupling agent followed by a thin layer of a hydrophobic 
adhesive resin. Three resin cement cylinders (= 1 mm) were made on each 
ceramic surface, which was then stored in deionized water at 37oC for 24 h. The 
µSBS test was performed in an universal mechanical testing machine (Instron) at a 
crosshead speed of 1.0 mm/min until failure. The fractured samples were analyzed 
under optical microscopy at 40  magnification and mode of failure was classified as: 
adhesive (mode 1); cohesive within resin cement (mode 2); cohesive within ceramic 
(mode 3); and mixed, involving resin cement and adhesive (mode 4). Data were 
submitted to two-way ANOVA and Tukey’s post hoc test (α=0.05). One-way ANOVA 
and Dunnet’s test were used to compare experimental groups with the control group 
(no contamination) (α=0.05) When contaminants were compared, the mean μSBS for 
human saliva was significantly higher than other contaminants for IC cleaning 
method, and between human saliva and human blood for NT (p<0.05). The most 
effective cleaning method for the samples contaminated with S was IC (p<0.05), 
whereas when there were traces of blood the method was able to remove blood 
constituents (p<0.05). A predominance of mixed failures (mode 4) was detected for 
all contaminants and cleaning methods with a slight predominance of adhesive 
failures (mode 1) for AW cleaning methods. The contamination of the ceramic 
surface with saliva, blood or saliva+blood decreased significantly the µSBS. The 
cleaning methods increased the µSBS of the contaminated ceramics. The zirconium 
oxide-based cleaning paste (Ivoclean) was the most effective when applied on the 
contaminated ceramic with saliva.  
Keywords: ceramic, contamination, cleaning methods, bond strength, saliva, blood. 
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1. INTRODUÇÃO  
A Odontologia estética vem ganhando cada vez mais atenção e relevância 
entre os procedimentos odontológicos atuais. Desta forma, a grande procura e 
exigência, tanto dos pacientes quanto dos profissionais da Odontologia, por 
procedimentos estéticos resultou no desenvolvimento de novas técnicas e materiais 
restauradores estéticos (Conrad et al., 2007). Por isso, a Odontologia Restauradora 
passou por grandes mudanças (Tieckle, 2000) dentre as quais as cerâmicas 
odontológicas com significante evolução no desenvolvimento de sistemas cerâmicos 
sem a necessidade da confecção de infraestrutura metálica (Hooshmand et al., 
2002). 
Nos últimos anos, as cerâmicas odontológicas tem sido preferidas como 
material para reabilitação dental (Fabianelli et al., 2010) devido, principalmente, às 
características, como biocompatibilidade, estética, maior resistência à compressão, 
menor condutibilidade térmica e biomimetismo (Naves et al., 2010; Martins et al., 
2010; Lorenzoni et al., 2010; Rekow et al., 2011; Fasbinder et al., 2010), o que a 
torna principal alternativa como material restaurador quando se busca estética e 
resistência (Blatz, 2002). 
 O sistema cerâmico reforçado por dissilicato de lítio (Ivoclar Vivadent, 
Schaan, Liechtenstein) foi introduzido no mercado odontológico mostrando efeito 
significativo no aumento da resistência em relação aos demais sistemas cerâmicos 
disponíveis na época. Esse sistema é composto por cerâmica vítrea com volume de 
70% de cristais de dissilicato de lítio com 3 a 6 µm de comprimento, densamente 
dispostos e unidos à matriz vítrea (Martins et al., 2010). Durante a produção 
industrial, a cerâmica passa por duas fases cristalinas: dissilicato de lítio e 
metassilicato de lítio, ambos ocorrendo de forma simultânea. De acordo com 
Fasbinder et al. (2010), as restaurações cerâmicas reforçadas por dissilicato de lítio 
apresentaram resultados positivos em relação à integridade, ausência de falhas 
mecânicas e fraturas. 
Com o objetivo de obter maior sucesso em longo prazo com restaurações 
cerâmicas, é importante que ocorra elevada resistência de união do cimento 
resinoso à restauração (Della Bona, 1994), além da escolha de um sistema adesivo 
que apresente bom desempenho clínico contribuindo com o sucesso do 
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procedimento restaurador (Tian et al., 2014). Como fatores relacionados à 
durabilidade da restauração cerâmica estão a retenção micromecânica e a união 
química do cimento resinoso à restauração cerâmica (Blatz et al., 2003). 
A rugosidade da superfície da cerâmica aumenta a retenção micromecânica e 
pode ser obtida de diferentes maneiras de acordo com o tipo de cerâmica. Para as 
cerâmicas vítreas reforçadas por dissilicato de lítio, os tratamentos de superfície 
recomendados são jateamento com partículas de óxido de alumínio e, 
principalmente, o condicionamento com ácido hidrofluorídrico (Zhang et al., 2006). O 
ácido hidrofluorídrico é responsável pela remoção da matriz vítrea e dos cristais de 
ortofosfato de lítio (Soares, 2005), expondo os cristais de dissilicato de lítio e 
proporcionando superfície favorável para a adesão do cimento resinoso (Butze, 
2009). 
Após o tratamento da superfície da cerâmica com um dos procedimentos 
mencionados, uma camada do agente de silanização deve ser aplicada sobre a 
superfície da cerâmica (Freitas, 2005), sendo este material uma molécula bifuncional 
capaz de promover a união química entre a fase inorgânica da cerâmica e a fase 
orgânica do cimento resinoso.  
O procedimento de união do cimento resinoso à superfície da cerâmica deve 
ser adequado para proporcionar boa adaptação marginal e maior resistência à 
fratura, tanto do material restaurador como do remanescente dental (Bishara et al., 
1998). Porém, alguns fatores podem influenciar a qualidade da união, como as 
propriedades físico-mecânica das cerâmicas (El Zohairy et al., 2004) e dos cimentos 
resinosos (Hahn et al., 2001), além da contaminação da superfície interna da 
cerâmica por saliva ou vestígios de sangue (Yang et al., 2007) antes do 
procedimento de cimentação, o que impede união estável, influenciando diretamente 
na longevidade da restauração (Tsujimoto et al., 2010). 
Entretanto, durante a prova da restauração cerâmica antes da cimentação, 
existe grande dificuldade de se evitar a contaminação da superfície interna da 
restauração (Van Schalwyk et al., 2003). Estudo prévio tem mostrado que a 
contaminação antes do procedimento de cimentação tem sido a responsável pela 
redução na resistência da união do cimento resinoso à restauração cerâmica 
(Eriksson et al., 2004). Isso ocorre pelo fato da contaminação ser após os 
procedimentos de jateamento com partículas de óxido de alumínio e 
condicionamento com ácído hidrofluorídrico.  
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Os materiais orgânicos presentes na saliva, tais como moléculas enzimáticas, 
bactérias, proteínas salivares, detritos de alimentos e compostos inorgânicos em 
solução aquosa (Phark et al., 2009), podem penetrar nas porosidades da superfície 
interna condicionada da cerâmica, tornando-se um dos principais fatores 
responsáveis pela redução na resistência da união, considerando ainda que esses 
componentes salivares podem influenciar a polimerização do adesivo e do cimento 
resinoso. A contaminação com vestígios de sangue também pode ocasionar redução  
significativa na resistência da união (Kaneshima et al., 2000). Porém, são poucos os 
estudos que avaliam a contaminação das restaurações cerâmicas com vestígios de 
sangue, mesmo sendo um tipo comum de contaminação no trabalho clínico. Prévio 
estudo mostrou que a contaminação com vestígios de sangue de restaurações 
diretas com resina composta influencia diretamente na adaptação marginal, 
causando deteriorização e microinfiltração marginal (Dietrich et al., 2000).  
Desse modo, como é difícil impedir que essas contaminações ocorram porque 
a prova da restauração indireta acontece na cavidade bucal (Seabra et al., 2014), 
torna-se necessário que a superfície interna da restauração cerâmica seja limpa dos 
contaminantes antes do procedimento de cimentação. 
Portanto, para que a união do cimento resinoso à restauração cerâmica não 
seja comprometida pela contaminação durante a prova, métodos de limpeza tornam-
se necessários, com a finalidade de eliminar os contaminantes orgânicos e 
inorgânicos onde ocorre a união com o cimento resinoso (Klosa et al., 2009); porém, 
não há consenso quanto ao método de limpeza mais eficaz (Ozcan & Vallittu, 2003). 
Nicholls (1988) avaliou o efeito da limpeza com ácido fosfórico e acetona da 
superfície interna da cerâmica feldspática contaminada com saliva, observando que 
o ácido fosfórico foi mais eficaz em relação à resistência da união. Outro estudo 
mostrou que a limpeza com ácido hidrofluorídrico a 5% da superfície interna de 
restaurações cerâmicas à base de dissilicato de lítio contaminadas com saliva 
proporciona valores de resistência de união maior em relação à outros métodos 
propostos (Klosa et al., 2009). 
Outros métodos de limpeza têm sido propostos e estudados, como água, 
álcool, acetona, ácido fosfórico e ácido hidrofluorídrico. Prévio estudo mostrou que 
nem álcool nem acetona são métodos capazes de eliminar completamente os 
componentes contaminantes da saliva (Calamia, 1985). Swift et al. (1995) mostraram 
que a acetona como método de limpeza de cerâmicas contaminadas promove 
16 
 
redução na resistência da união. Outros estudos também mostraram redução na 
resistência de união das restaurações cerâmicas contaminadas quando submetidas 
a métodos de limpeza em relação às restaurações cerâmicas não contaminadas 
(Yang et al., 2007; Sheth et al., 1988; Phark et al., 2009). 
Um agente de limpeza não abrasivo (Ivoclean, Ivoclar Vivadent) foi 
introduzido no mercado odontológico com a finalidade de promover a 
descontaminação de superfícies internas das restaurações cerâmicas, não 
provocando nenhum dano à restauração e promovendo melhor resistência de união 
(Völkel, 2011). Esse material é composto por uma suspensão alcalina de partículas 
de óxido de zircônio que, ao reagir com a saliva, promove limpeza da superfície 
interna da cerâmica pela reação do hidróxido de sódio presente nesse material 
causar dissolução das proteínas da saliva. De acordo com o fabricante, o Ivoclean 
pode ser utilizado em todos os tipos de materiais restauradores incluindo cerâmicas 
vítreas, cerâmica à base de zircônia, ligas metálicas e restaurações indiretas de 
resina composta (Ivoclar Vivadent, 2016). Borges et al. (2017) avaliaram o efeito do 
Ivoclean na limpeza de restaurações cerâmicas vítreas contaminadas com saliva, 
observando ser um método eficaz e capaz de restabelecer a capacidade de adesão 
da cerâmica contaminada. Entretanto, a efetividade na limpeza da superfície da 
cerâmica contaminada com sangue ainda é escassa na literatura. 
Dessa forma, o objetivo do presente estudo in vitro foi: 
Avaliar os efeitos da contaminação com saliva, sangue e saliva+sangue na 
resistência de união por microcisalhamento (RUµC) do cimento resinoso e cerâmica. 
Verificar o melhor método de limpeza com ácido fosfórico a 37%, ácido 
hidrofluorídrico a 5%, spray de água-ar da seringa tríplice e Ivoclean para 
restabelecer os valores de resistência de união originais.  
As hipóteses testadas foram que 1) diferentes métodos de limpeza diminuem 
a redução da RUµC da cerâmica contaminada e 2) a contaminação com saliva, 
sangue e saliva + sangue afeta a RUµC. 
 
 
Este trabalho foi apresentado no formato alternativo de tese de acordo com as 
normas estabelecidas pela deliberação 002/06 da Comissão Central de Pós-
Graduação da Universidade Estadual de Campinas. O artigo referente ao Capítulo 1 
foi submetido à publicação em periódico internacional. 
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2. ARTIGO 
Effect of cleaning methods of the contamination with saliva/blood on the bond 
strength between resin cement and lithium disilicate glass ceramic 
 
ABSTRACT 
The aim of this study was to verify the effects of saliva, blood and saliva+blood 
contaminations on microshear bond strength (µSBS) between resin cement and 
ceramic interfaces, and the best cleaning methods to recover the original resin 
cement-ceramic bond strength. One hundred sixty ceramic discs (IPS e.max Press) 
were fabricated and divided in four groups: control group – no contamination (n=10) 
and according to contamination types: saliva (S), blood (B) and saliva+blood (SB). 
Also divided according to cleaning methods: 37% phosphoric acid (PA), 5% 
hydrofluoric acid (HF), air/water spray (AW), Ivoclean (IC) cleaning paste, no 
cleaning method – no treatment (NT). The ceramic surfaces were sandblasted with 
Al3O2 and etching with 5% HF. After contamination followed by cleaning methods, the 
ceramic surface was treated with a silane coupling agent followed by a thin layer of 
an unfilled resin. Three resin cement cylinders (= 1 mm) were made on each 
ceramic surface, which was then stored in deionized water at 37oC for 24 h. The 
µSBS test was performed in a universal mechanical testing machine (Instron) at a 
crosshead speed of 1.0 mm/min until failure. The fractured sites were analyzed under 
optical microscopy at 40 magnification and mode of failure was classified as: 
adhesive (mode 1); cohesive within resin cement (mode 2); cohesive within ceramic 
(mode 3); and mixed, involving resin cement and adhesive (mode 4). Data were 
submitted to two-way ANOVA and Tukey post hoc tests (α=0.05). One-way ANOVA 
and Dunnet tests were used to compare experimental groups with the control group 
(no contamination) (α=0.05) When contaminants were compared, the mean μSBS for 
human saliva was significantly higher than other contaminants for IC cleaning 
method, and between human saliva and human blood for NT (p<0.05). The most 
effective cleaning method for the samples contaminated with S was IC (p<0.05), 
whereas when there were traces of blood the method was able to remove blood 
constituents (p<0.05). A predominance of mixed failures (mode 4) was detected for 
all contaminants and cleaning methods with a slight predominance of adhesive 
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failures (mode 1) for AW cleaning methods. The contamination of the ceramic 
surface with saliva, blood or saliva+blood decreased significantly the µSBS. The 
cleaning methods increased the µSBS of the contaminated ceramics. The zirconium 
oxide-based cleaning paste (Ivoclean) was the most effective when applied on the 
contaminated ceramic with saliva.  
Keywords: ceramic, contamination, cleaning methods, bond strength, saliva, blood. 
 
INTRODUCTION 
Dental ceramics are one of the materials used for indirect dental restorations 
when the demand for highly esthetics treatment is required.1-3 Due to characteristics 
such as biocompatibility, higher compressive strength, high esthetic, adhesion ability 
to dental tissues, low thermal conductivity, biomimetics and thermal similar to the 
tooth structure,4-8 the ceramic systems have been the preference for adoption by 
dental practioners for aesthetic dental rehabilitations.9 The lithium disilicate glass 
ceramic has shown excellent clinical outcomes as one of the most reliable restorative 
materials for indirect restorations with esthetic and functional rehabilitations with 
excellent mechanical properties5-7 and high survival rates over time.10,11  
The cementation procedures and composition of dental ceramics are 
important for the longevity of the bond strength among resin cement,12 ceramics13 
and dental substrate.14 The luting cementation procedure between dental ceramic 
and tooth is based on etching with hydrofluoric acid, silane application and resin 
cement.15-17 However, seating pre-etched dental ceramic restorations in the oral 
practice during a try-in procedure may result in contamination of the internal surface 
by saliva and/or blood traces18-21 prior to the cementation procedure, which may 
compromise the bond strength of the resin cement to ceramic,20,22,23 and negatively 
influencing the longevity of the restoration.24-26 Saliva contamination is frequently the 
main reason that affects the bond strength22,23,27-29 by depositing an organic adherent 
coating on the dental ceramic restorations that is difficult to remove with water.30 
Therefore, in order not to compromise the bonding of the resin cement to the 
dental ceramic restoration by the contamination during the clinical test when color, 
size and adaptation are evaluated, cleaning methods are necessary in order to 
eliminate the organic and inorganic contaminants in sites when the adhesion with the 
resin cement occurs31 and could influence the polymerization of the resin cement.23,32  
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On the other hand, some materials have been used as cleaning methods in 
saliva-contaminated dental ceramic restorations, such as water, alcohol, acetone, 
phosphoric acid and hydrofluoric acid, but there is no consensus of the most effective 
cleaning method.18,33-37 Another cleaning method may be used to remove saliva and 
blood traces is Ivoclean (Ivoclar vivadent, Schaan, Liechtenstein). This material is a 
product that offers an alternative in the treatment of contaminated dental ceramics 
restorations prior to cementation procedures. A study concluded that the use of the 
Ivoclean on glass ceramic restorations contaminated with saliva is an efficient 
method to reestablish the adhesion capacity of contaminated ceramics.38 However, 
little is known about the contamination of the ceramic surface with the combination of 
saliva and blood and the cleaning methods used in order not to compromise the 
bonding of the resin cement to the dental ceramic restoration. 
Therefore, the aim of this study was to verify the effects of saliva, blood and 
saliva+blood contaminations on microshear bond strength (µSBS) between resin 
cement and ceramic interfaces and the best cleaning methods with 37% phosphoric 
acid, 5% hydrofluoric acid, water-air spray and Ivoclean cleaning paste to re-
establish the original resin cement-ceramic bond strength. The hypotheses tested 
were: 1) different cleaning methods recover the µSBS and 2) saliva, blood and 
saliva+blood contaminations affect the µSBS.  
 
METHODS AND MATERIALS 
Ceramic Specimens 
 A total of 176 discs (13 mm in diameter x 3 mm in thick) of IPS e.max Press 
ceramic (Ivoclar Vivadent, Schaan, Liechtenstein, Shade LT A2) were fabricated in 
accordance to manufacturer’s instructions. Circular acrylic resin (Duralay, Reliance 
Dental MFG Company, Illinois, USA) were made, sprued, and attached to a flask 
base with a silicone cylinder. The acrylic resin patterns were invested with 
phosphate-based material (IPS PressVest Speed, Ivoclar Vivadent) and the acrilic 
resin was eliminated in an automatic furnace (Vulcan A- 550, Degussa-Ney, Yucaipa, 
CA, USA) at temperature of 850oC for 60 min. The IPS e.max Press ceramic ingots 
were pressed into the investment molds in an automatic press furnace (EP 600, 
Ivoclar Vivadent). 
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After cooling, the samples were divested, placed in a horizontal position and 
embedded in polyvinyl chloride tubes (20 mm diameter and 20 mm height) with 
epoxy resin (Buehler, Lake Buff, IL, USA). To obtain a flat, polished and 
homogeneous surface, the samples were submitted to a sequential polishing using 
silicon carbide abrasive papers 600-, 1,200- and 2,000-grit (Norton SA, São Paulo, 
SP, Brazil) in water-cooled automatic polisher (APL4; Arotec, Cotia, SP, Brazil). After 
that, all samples were sandblasted with 50 µm aluminum oxide particles (Patterson 
Dental Supply Inc, batch 3150313, St Paul, MN, USA) for 15 s, under 2.8 bars in a 
distance of approximately 10 mm, ultrasonically cleaned (MaxiClean 750; Unique, 
Indaiatuba, SP, Brazil) in deionized water for 10 min, and dried with compressed air 
for 30 s. Afterwards, all samples were etched with 5% hydrofluoric acid (Fórmula & 
Ação, São Paulo, SP, Brazil) for 20 s, rinsed for 30 s with oil-free compressed 
air/water spray, ultrasonically cleaned in deionized water (MaxiClean 750; Unique, 
Indaiatuba, SP, Brasil) for 20 min, and dried with compressed air. 
 
Ceramic surface contamination 
One hundred and sixty ceramic discs were randomly divided into 4 groups: 
control - no contamination CT (n=10); and, 3 groups (n=50) according to the type of 
contamination: Saliva (S), Blood (B) and Saliva+Blood (SB). A new random 
distribution was performed into five subgroups (n=10) according to the cleaning 
methods: 5% hydrofluoric acid – HF (Fórmula & Ação); 37% phosphoric acid gel - PA 
(Ultra-Etch, Ultradent Inc, South Jordan, UT, USA); Ivoclean - IC (Ivoclean, Ivoclar 
Vivadent); air/water spray (AW); and group no treatment (NT) (Figure 1). 
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Figure 1 - Diagram of the different groups according to the type of contaminating agent and cleaning 
methods for µSBS. 
 
Saliva and blood was collected from a healthy donor who had not eating and 
drinking for 2h prior to the collection procedure (Ethical Committee protocol 
#66970217.4.0000.5418). In the group contaminated with saliva, 1mL of 
unstimulated human saliva was applied onto the ceramic surface with a graduated 
sterileed pipette, allowed to react for 1 min. For the group contaminated with blood, 
one drop of human blood was applied onto the ceramic surface and allowed to react 
for 1 min. The blood was collected at the fingertips of the donor with lancets of 20 
gauges (Optium Thin Lancets). For the group contaminated with saliva and blood, 
1mL of saliva and a drop of blood were mixed and applied onto the ceramic surface, 
allowed to react for 1 min. After the contamination, all ceramic surfaces were air-dried 
for 20 s. All experiments were performed using fresh saliva and blood collected from 
the same occasion and donor. 
After contamination, the ceramic surfaces was cleaned using: 5% hydrofluoric 
acid (Formula & Acao) for 20 s, rinsed with water for 10 s and air-dried for 10 s; 37% 
phosphoric acid gel - PA (Ultra-Etch, Ultradent) for 20 s, rinsed with water for 10 s 
and air-dried for 10 s; commercially available cleaning paste (Ivoclean; Ivoclar-
Vivadent), according to the manufacturer’s instructions for 20 s, rinsed with water for 
10 s and air-dried for 10 s; air/water spray for 20 s and air-dried for 10 s; and group 
with no treatment. All bonding procedures were carried out immediately after the 
contamination and cleansing steps.  
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Bonding Procedure and µSBS Testing  
 
A drop of RelyX Ceramic Primer (3M ESPE, St. Paul, MN, USA) silane agent 
was dispensed onto the ceramic surface, rubbed for 15 s with microbush, left in 
contact for 60 s followed by air heat-drying (Hair dryer, model Tourmaline Ion 
Cerâmica, Taiff, Varginha, MG, Brazil) at 100oC for 60 s to accelerate the 
water/alcohol evaporation16. After, a thin layer of Scotchbond Multi Purpose (3M 
ESPE, St. Paul, MN, USA) unfilled resin was applied onto all ceramics surfaces and 
photo-activated for 10 s using LED source (Valo Cordless, Ultradent Inc., South 
Jordan, UT, USA) with an irradiance of 1,000 mW/cm2 measured by the Curing 
Radiometer (Model 100, Demetron Research Corporation, Danbury, CT). 
The method used to obtain the samples for the µSBS testing and the desing of 
the test4,16  are represented in Figure 2C. Round shaped elastomer molds (Oranwash 
L, Zhermack, Italy) with 1 mm thick contained three cylinder-shaped orifices (1 mm in 
diameter) were made and placed onto the ceramic surfaces for the delimitation of the 
bonding area. The orifices were filled with resin cement (Variolink II, Base Paste, 
Shade A3; Ivoclar Vivadent), and a plastic strip and a glass slab were placed over 
the filled mold. A vertical load of 250 g was applied for 2 min in order to standardize 
the height of the resin cement cylinders (Figure 2B). 
 Afterward, the load and glass slab were removed and the resin cement was 
photo-activated for 40 s using LED source (Valo Cordless, Ultradent). All samples 
were stored in deionized water at 37°C for 24 h. After storage time, the elastomer 
mold was carefully sectioned with a #11 scalpel blade and removed. Each resin 
cement cylinder interface was verified using an optical microscopy (Olympus; Tokyo, 
Japan) at 40x magnification. The cylinders that presenting any flaws or defects were 
discarded. Three cylinders were built up on each ceramic disc, totalizing 30 cylinders 
for each group (n=10).  
A thin steel wire with 0.2 mm in diameter was looped around each cylinder 
and aligned with the bonding interface for the µSBS test (Figure 2C). A mounting jig 
was used for the parallel alignment of the ceramic-resin cylinder interface to the 
testing device. The µSBS test was performed in a universal testing machine (model 
4411, Instron; Canton, MA, USA) at a crosshead speed of 1.0 mm/min until failure. 
The fractured samples were observed under optical microscopy (Olympus) at 40x 
magnification, and the failures were classified into 4 modes: adhesive (mode 1); 
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cohesive within resin cement (mode 2); cohesive within ceramic (mode 3); and 
mixed, involving resin cement and adhesive (mode 4). 
 
 
 
Figure 2. Experimental design of the study. (A) The samples were placed in a 
horizontal position and embedded in polyvinyl chloride tubes with epoxy resin. All 
samples were sandblasted with 50 µm aluminum oxide particles and etched with 5% 
hydrofluoric acid. (B) 1 layer of the silane was applied to the ceramic surface, and 
after hydrophobic adhesive resin was applied; 2 an elastomer mold with three 
cylinder-shaped orifices was positioned onto the ceramic surface and the unfilled 
resin was photo-activated; 3 the three orifices were filled with resin cement Variolink 
II; 4 a mylar strip and glass slab were placed over the filled mold; 5 load applied for 2 
minutes; 6 photo-activation of the resin cement Variolink II for 40 seconds. (C) µSBS 
testing. 
 
Statistical Analysis  
The values of µSBS were calculated and the data supplied in MPa. Each 
group contained ten discs, each disc generated three cylinders, and the sum of the 
cylinders represented the mean of each disc. Thus, the mean of the µSBS values in 
each group represented the sum of the ten experimental units. Exploratory data 
analyses were performed prior to applying an analysis of variance (ANOVA). The 
µSBS data were not normally distributed and were log-transformed. The data of 
µSBS were submitted to two-way ANOVA (contamination x cleaning), and multiple 
comparisons were performed using Tukey’s post hoc test (α = 0.05). One-way 
24 
 
ANOVA and Dunnet’s test were used to compare the control group (no 
contamination) x experimental groups (α = 0.05).  
SEM Evaluation 
In order to observe the surface morphology of the contaminated surface and 
after the cleaning method application, a sample of each group (n=1) were prepared 
to perform the critical point of the samples for a better visualization of the 
components presented in saliva and blood. After sandblasted with aluminum oxide 
particles, conditioned with 5% hydrofluoric acid and contamination with saliva and / or 
blood the samples were kept in 2% glutaraldehyde solution for 24 hours. After that 
time, the samples were dehydrated in 50%, 70%, 90% and 100% ethanol for 20 
minutes in each ethanol concentration. Then the samples were dried to the critical 
point with CO2 (DCP-1, Denton Vacuum Inc., Moorestown - NJ - USA). Then, the 
samples were mounted on aluminum stubs and sputter coated with gold (Balzers-
SCD 050; Balzers Union, Aktiengeselischaft, Furstentun, Liechtenstein) for 120 s at 
40 mA. Then, the EMX surfaces were examined using SEM (JSM 5600 LV; JEOL, 
Tokyo, Japan) with 2000x magnification and operated at 20 Kv by the same 
operador.  
 
RESULTS 
Microshear bond strength assessment (µSBS) 
The mean values for μSBS are showed in Table 1. Significant influence of 
contaminations (p<0.05) and cleaning methods (p<0.05) were detected. The 
interaction between the contaminants and cleaning methods (p=0.01399) was 
significant.  
When contaminants were compared, the mean μSBS of saliva was 
significantly higher than other contaminants for IC cleaning method, and between 
saliva and blood for NT (p<0.05). No significant differences in μSBS were found 
among the contaminants for PA, HF and AW cleaning methods and between blood 
and saliva+blood for NT (p>0.05).  
When cleaning methods were compared, IC showed mean µSBS values 
significantly higher when compared to other cleaning methods (p<0.05), except for 
PA for the saliva contaminant. Also, the PA method provided significantly higher 
µSBS than AW and NT (p<0.05) for saliva groups. No significant differences in μSBS 
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were found between IC and PA, PA and HF and among HF, AW and NT (p>0.05) for 
the groups contaminated with saliva.  
The cleaning methods IC, PA, HF and AW showed mean values of µSBS 
significantly higher than NT (p<0.05) for blood and saliva+blood contaminants. No 
statistical differences were found among the cleaning methods for IC, PA, HF and 
AW (p>0.05). The control group CT demonstrated statistically significant higher μSBS 
in relation to all contaminants and cleaning methods (p<0.05), except for IC methods 
with saliva contaminant. 
 
Table 1. Means of µSBS (MPa) (±SD) after surface contamination and cleaning 
methods a. 
Cleaning Methods 
 
Contaminants 
Saliva Blood Saliva / Blood 
Control group - No contamination - CT  23.4 ± 3.8  
No Treatment - NT 9.9* ± 2.5 Ac 7.8* ± 2.5 Bb 8.0* ± 2.3 ABb 
Ivoclean - IC 20.9 ± 4.9 Aa 14.1* ± 2.4 Ba 13.2* ± 3.0 Ba 
37% phosphoric acid - PA 17.1* ± 6.5 Aab 13.2* ± 2.7 Aa 12.9* ± 1.9 Aa 
5% hydrofluoric acid - HF 12.4* ± 1.8 Abc 12.2* ± 2.1 Aa 12.1* ± 1.6 Aa 
air/water spray - AW 11.6* ± 1.3 Ac 10.8* ± 1.6 Aa 10.3* ± 1.4 Aa 
a
Means followed by different lowercase letters in each column and upper capital letters in each line 
indicate significant differences for contaminants and cleaning methods (p<0.05). *Differ of the control 
group – No contamination – CT (p<0.05). 
 
 
Failure Analysis 
The distribution of failure types is shown in Table 2. A predominance of mixed 
failures (mode 4) was detected for for all contaminants and cleaning methods. 
Conversely, for AW cleaning method, a slight predominance of adhesive failures 
(mode 1) was verified for all contaminants.  
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Table 2. Failure Modes Distribution Among Groups (%)a.  
 Saliva Blood Saliva / Blood 
Cleaning Failure Modes Failure Modes Failure Modes 
Methods 1 2 3 4 1 2 3 4 1 2 3 4 
CT 13 7 - 80 13 7 - 80 13 7 - 80 
IC 17 7 - 76 37 - - 63 40 3 - 57 
PA 30 - - 70 40 - - 60 47 - - 53 
HF 43 - - 57 43 - - 57 47 - - 53 
AW 53 - - 47 53 - - 47 57 - - 43 
NT 47 - - 53 50 - - 50 46 - - 54 
a
Failure modes: adhesive (mode 1); cohesive within resin cement (mode 2); cohesive within ceramic (mode 3); 
and mixed, involving resin cement and adhesive (mode 4). 
CT: Control group (not contaminated); IC: Ivoclean cleaning paste; PA: 37% phosphoric acid; HF: 5% hydrofluoric 
acid; AW: air/water spray; and, NT: No treatment. 
 
SEM Evaluation 
The SEM images of the control (CT) and contaminated groups with saliva, 
blood and saliva+blood are shown in Figures 3, 4, 5 and 6. Figure 3 shows the 
surface of the glass ceramics reinforced by lithium disilicate after sandblasted with 
aluminum oxide particles followed by etching with 5% hydrofluoric acid for 20 
seconds. Figures 4A, 5A and 6A show the surface of the ceramic after contamination 
with saliva, blood and saliva+blood. 
Figures from 4B to 4E show the surface of the ceramic contaminated with 
saliva after cleaning methods: IC, PA, HF and AW respectively, where it is possible to 
observe that IC cleaning method was the more efficient removal method for the 
organic adherent coating (saliva) on the ceramic surface. The Figures 5B to 5E show 
the surface of the ceramic contaminated with blood after cleaning methods: IC, PA, 
HF and AW respectively, where it is possible to observe that the ceramic surface was 
partially cleaned; however, some morphological differences may be observed among 
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the cleaning methods. The Figures 6B, 6C, 6D and 6E show the surface of the 
ceramic after contamination with saliva/blood after cleaning methods IC, PA, HF and 
AW respectively, where it is possible to observe that the ceramic surface was 
cleaned; however, some morphological differences may be observed among the 
cleaning methods.   
 
 
Figure 3. Ceramic surface after sandblasted with aluminum oxide particles and conditioned 
with 5% hydrofluoric acid. Control group – CT. 
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Figure 4. SEM images (2,000X magnification) of the ceramic contaminated with 
saliva. A. No cleaning (NT); B. Cleaned with Ivoclean paste (IC); C. 
Cleaned with 37% phosphoric acid (PA); D. Cleaned with 5% hydrofluoric 
acid (HF); and E. Cleaned with air-water spray (AW). 
 
 
       
                                  
                                    
 
Figure 5: SEM images (2,000X magnification) of the ceramic contaminated with 
blood. A. No cleaning (NT); B. Cleaned with Ivoclean paste (IC); C. Cleaned 
with 37% phosphoric acid (PA); D. Cleaned with 5% hydrofluoric acid (HF); 
and E. Cleaned with air-water spray (AW). 
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Figure 6: SEM images (2,000X magnification) of the ceramic contaminated with 
saliva/blood. A. No cleaning (NT); B. Cleaned with Ivoclean paste (IC); C. 
Cleaned with 37% phosphoric acid (PA); D. Cleaned with 5% hydrofluoric 
acid (HF); and E. Cleaned with air-water spray (AW). 
 
DISCUSSION 
 The first hypothesis, which stated that different cleaning methods would 
overcome the reduction on the µSBS was accepted. The results showed that when 
the ceramic surface was contaminated with saliva, the group IC showed no statistical 
difference in the bond strength in relation to control group (CT). These findings are in 
agreement with those of previous study, which also found higher µSBS when ceramic 
surface contaminated with saliva was cleaned with Ivoclean paste.30 Probable, the 
action of the zirconium oxide particles contained in the cleaning paste (Ivoclean) 
facilitates the removal of salivary proteins film fillings the etched lithium disilicate 
surfaces. Besides, despite the phosphoric acid have not shown statistical difference 
A
  D 
B
  D 
C
  D 
D
  D 
E
  D 
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in relation to IC, this product also showed to be able to remove the salivary film from 
the ceramic porosities; however, the µSBS was lower than control group (CT). 
Previous study showed that phosphoric acid was able to penetrate ceramic 
surface contaminate with saliva and to remove the saliva film from the surface 
porosities.39 Another study showed that higher bond strength values and no 
significant difference was found for the groups treated with phosphoric acid, Ivoclean 
paste and control group (no contamination).21 According to the authors,21,39 the 
sodium hydroxide present in the Ivoclean paste was able to dissolve the salivary 
proteins and phosphoric acid was able to remove saliva proteins by the penetration 
into the salivary film and, consequently, cleaning the surface of the contaminated 
ceramic. 
 Although the bond strength was higher for the groups IC and PA, the SEM 
(Figures 4B and 4C) shows that the salivary proteins were not completely removed 
from the ceramic surface. However, although no statistical difference was found 
between these two groups, it is possible to verify that the Ivoclean paste was the 
cleaning method that promoted greater removal of salivary components. According to 
the Ivoclean’s manufacturer, this universal cleaning paste is suitable for promoting 
non-abrasive cleaning of the bonding surfaces of prosthetic restorations after the 
clinical trial.40 The paste consists of an alkaline solution composed of zirconium oxide 
particles that, when reacts with saliva, promotes cleaning of the contaminated 
surface, aided to achieve safe results for adhesive cementation.38  
 In the current study, no statistical difference was found between groups 
cleaned with PA and HF acid; however, both were statistically lower in relation to the 
control group (CT). The results are in agreement with these of previous report, which 
have found no statistical difference between the groups where the ceramic surface 
contaminated with saliva and cleaned with 37% phosphoric acid and 6% hydrofluoric 
acid.30 Regarding the cleaning of the EMX surfaces, it is possible to observe in the 
SEM images that both PA and HF partially removed the saliva from the ceramic 
surface. On the other hand, a previous study4 showed that re-etching the IPS 
Empress (a leucite reinforced glass-ceramic) surface with hydroflouric acid reduces 
the bond strength due to presence of more porosity created by the removal of a 
larger amount of glass matrix, which prevented the complete penetration of the 
adhesive and, consequently, reducing bond strength. Another study showed that no 
statistical difference was found when ceramic IPS e.max Press surface was re-
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etched with 5% hydrofluoric acid.41 Therefore, care should be taken in clinical 
practice when using hydrofluoric acid to clean ceramic surface contaminated with 
saliva or blood due to the hazardous nature of this acid.   
 AW cleaning method showed the lowest bond strength values in relation to the 
others cleaning methods. SEM images depicted that this method was not able to 
remove the saliva, being similar to NT group, without any treatment. This finding is 
according to previous study, which showed that the cleaning method using air-water 
spray was not effective in removing saliva residues from the glass ceramic surface 
because only water action is not able to act within the saliva film filling the porosities 
of etched ceramics,42 then, this cleaning method is clinically not recommended.  
With regard to contamination with blood and saliva+blood, the literature is 
scarce because few studies of bond strength after blood and saliva+blood 
contamination were performed, although this fact is clinically common. During the try-
in procedure, there may be gingival bleeding, specialy after removing the temporary 
restaurations and contamination of the internal surface of the ceramic restoration 
may occur. The blood consists of several types of cells, being leukocytes, 
erythrocytes and platelets,43,44 besides the presence of the plasma where these cells 
are immersed.44  
As occurred with saliva, the components present in the blood penetrate into 
the porosities of the internal surface of the conditioned ceramic, influencing the 
polymerization of the adhesive system/resin cement. Also, blood acts as a physical 
barrier hampering the micromechanical interlocking to the etched surface. In this 
way, this type of contamination also becomes a factor responsible for the reduction of 
bond strength. In the current study, the cleaning methods IC, PA, HF and AW 
showed mean µSBS values significantly higher than NT for the blood and 
saliva+blood contaminants. The cleaning methods IC, PA, HF and AW have not 
showed significant difference for blood contamination (B) and for saliva+blood 
contamination (SB). However, the SEM images demonstrated that no cleaning 
method was effective in removing blood constituents as found in cleaning methods in 
the saliva-contaminated group. 
In relation to the contaminants, the mean μSBS of saliva was significantly 
higher than other contaminants for IC cleaning method and between saliva and blood 
for NT. The results indicate that the second hypothesis was accepted. In the current 
study, when blood contanimant is present on the ceramic surface the bond strength 
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values are lower in relation to ceramic surface contaminated only with saliva or 
without contamination. Previus study showed that cleaning with water of the dentin 
and resin contaminated with blood was inefficient with lower bond strength because 
the water was not able to remove the constituents of the blood 20.  
Another study showed that when contamination with blood occurs, restorative 
material and surface of the dentin are involved by this contamination causing 
reduction of the bond strength due the cracks in the interface of the restoration and 
consequently the formation of secondary caries.45 Previous study showed that the 
blood contamination between composite resin increments reduced the bond strength 
between the increments, because the proteins present in the blood were responsible 
for the incomplete polymerization reaction of the composite resin.19 Other works 
showed that composite resin restorations contaminated with blood decrease the 
bond strength and influenced in the photopolymerization procedure.43-45 
The analysis of failure modes showed a predominance of mixed failures 
involving resin cement and adhesive for all contaminants and cleaning methods. A 
slight predominance of adhesive failures for AW cleaning method shows lower bond 
strength for AW cleaning methods. Probably, the contamination with saliva, blood 
and saliva+blood do not allow complete polymerization of the adhesive system and 
resin cement at the interface with ceramic. 
Data and SEM analysis in this current study demonstrate that all contaminants 
and cleaning methods influenced the µSBS due the difference between surfaces and 
ceramic/resin cement bonding interfaces. Care should be taken in clinical practice 
when ceramic surface is contaminated with saliva, blood and saliva+blood, and when 
it is used hydrofluoric acid to clean ceramic surface contaminated. Thus, additional 
studies should be performed using different cementation loads, resin cements, use of 
silane prior to try-in and contaminants solution, thermal cycling and mechanical 
fatigue. 
 
 CONCLUSION 
Within the limitations of this study, the following conclusions can be made: 
1. The contamination of the EMX surface with saliva, blood or saliva+blood 
decreased significantly the µSBS to the resin cement. 
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2. The cleaning methods increased the µSBS of the contaminated ceramic 
surface but not to the same level as the non-contaminated surface except for 
Ivoclean. 
 
REFERENCES 
1. Blatz MB (2002) Long-term clinical sucesso of all-ceramic posterior restorations 
Quintessence international 33(6) 415-426. 
2. Nagai T, Kawamoto Y, Kakehashi Y, & Matsumura H (2005) Adhesive bonding of 
a lithium disilicate ceramic material with resin-based luting agents Journal of Oral 
Rehabilitation  32(8) 598-605. 
3. Fischer H, de Souza RA, & Watjen AM (2008) Chemical strengthening of a dental 
lithium disilicate glass-ceramic material Journal of Biomedical Materials Research 
Part A 87(3) 582-587. 
4. Naves LZ, Soares CJ, Moraes RR, Gonçalves LS, Sinhoreti MA, & Correr-
Sobrinho L (2010) Surface/interface morphology and bond strength to glass ceramic 
etched for different periods Operative Dentistry 35(4) 420-427. 
5. Martins LM, Lorenzoni FC, Farias BC, Lopes LD, Bonfante G, & Rubo JH. 
Biomechanical behavior of dental ceramics: rewiew. Cerâmica. 2010. 
6. Rekow ED, Silva N, Coelho P, Zhang Y, Guess PC, & Thompson VP (2011) 
Performance of dental ceramics: challenges for improvement Journal of Dental 90(8) 
937-952. doi: 10.1177/0022034510391795.  
7. Fasbinder DJ, Dennison, JB, Heys D, & Neiva G (2010) A clinical evaluation of 
chairside lithium disilicate cad/cam crowns: a two-year report Journal American 
Dental Association 141 suppl 2:10s-14s.  
8. Lorenzoni FC, Martins LM, Silva NR, Coelho PG, Guess PC, Bonfante EA, 
Thompson VP, & Bonfante G (2010) Fatigue life and failure modes of crowns 
systems with a modified framework design Journal of Dentistry 38(8) 626-634.  
9. Fabianelli A, Pollington S, Papacchini F, Goracci C, Cantoro A, Ferrari M, & Van 
Noort.R (2010) The effect of different surface treatments on bond strength between 
leucite reinforced feldspathic ceramic and composite resin Journal of Dentistry 38(1) 
39-43. doi: 10.1016/j.jdent.2009.08.010.  
10. Emslander A, Reise M, Eichberger M, Uhrenbacher J, Edelhoff D, & Stawarczyk 
B (2015) Impact of surface treatment of different reinforced glass-ceramic anterior 
34 
 
crowns on load bearing capacity Dental Materials Journal 34(5) 595-604, 
http://dx.doi.org/10.4012/dmj.2014-294.  
11. Pieger S, Salman A, & Bidra AS (2014) Clinical outcomes of lithium disilicate 
single crowns and partial fixed dental prostheses: a systematic review Journal of 
Prosthetic Dentistry 112(1) 22-30, http://dx.doi.org/10.1016/j. prosdent.2014.01.005. 
12. Bottino MC, Özcan M, Coelho PG, Valandro LF, Bressiani JC, & Bressiani AH 
(2008) Micro-morphological changes prior to adhesive bonding: High-alumina and 
glassymatrix ceramics Brazilian Oral Research 22(2) 158-163. 
13. Nikolaus F, Wolkewiz M, & Hahn P (2013) Bond strength of composite resin to 
glass ceramic after saliva contamination Clinical Oral Investigations 17(3) 751-755. 
doi: 10.1007/s00784-012-0768-3. Epub 2012 Jun 23. 
14. Della Bona A, & Northeast SE (1994) Shear bond strength of resin bonded 
ceramic after different try-in procedures Journal of Dentistry 22(2) 103-107.    
15. Kalavacharla VK, Lawson NC, Ramp LC, & Burgess JO (2015) Influence of 
etching protocol and silane treatment with a universal adhesive on lithium disilicate 
bond strength Operative Dentistry 40(4) 372-378. doi: 10.2341/14-116-L.   
16. Sundfeld Neto D, Naves LZ, Costa AR, Correr AB, Consani S, Borges GA, & 
Correr-Sobrinho L (2015) The effect of hydrofluoric acid concentration on the bond 
strength and morphology of the surface and interface of glass ceramics to a resin 
cement Operative Dentistry 40(5) 470-479. doi: 10.2341/14-133-L.  
17. Pisani-Proenca J, Erhardt MC, Valandro LF, Gutierrez-Aceves G, Bolanos-
Carmona MV, Del Castillo-Salmeron R, & Bottino MA (2006) Influence of ceramic 
surface conditioning and resin cements on microtensile bond strength to a glass 
ceramic Journal Prosthetic Dentistry 96(6) 412-417. 
18 - Yang B, Lange-Jansen HC, Scharnberg M, Wolfart S, Ludwig K, Adelung R, & 
Kern M (2008) Influence of saliva contamination on zirconia ceramic bonding. Dental 
Material 24(4) 508-513.  
19. Eiriksson SO, Pereira PNR, Swift Jr EJ, Heymann HO, & Sigurdsson A (2004) 
Effects of blood contamination on resin-resin bond strength Dental Material 20(2) 
184-190. 
20 - Kaneshime T, Yatani H, Kasai T, Watanabe EK, & Yamshita A (2000) The 
influence of blood contamination on bond strengths between dentin and an adhesive 
resin cement Operative Dentistry 25(3) 195-201. 
35 
 
21. Feitosa SA, Patel D, Borges AL, Alshehri EZ, Bottino MA, Özcan M, Valandro LF, 
& Bottino MC (2014) Effect of cleansing methods on saliva-contaminated zirconia—
an evaluation of resin bond durability Operative Dentistry 40(2) 163-171. doi: 
10.2341/13-323-L.  
22. Aboush YE (1998) Removing saliva contamination from porcelain veneers before 
bonding Journal Prosthetic Dentistry 80(6):649-653.  
23. Van Schalkwyk JH, Botha FS, van der Vyver PJ, de Wet FA, & Botha SJ (2003) 
Effect of biological contamination on dentine bond strength of adhesive resins SADJ  
58(4) 143-147. 
24. Tsujimoto A, Iwasa M, Shimamura Y, Murayama R, Takamizawa T, & Miyazaki M 
(2010) Enamel bonding of single-step self-etch adhesives: Influence of surface 
energy characteristics Journal of Dentistry 38(2) 123-130. doi: 
10.1016/j.jdent.2009.09.011. 
25. Lohbauer U, Amberger G, Quinn GD, & Scherrer SS (2010) Fractographic 
analysis of a dental zircônia framework: a case study on design issues Journal 
Mechanical Behaviour Biomedicine Material 3(8) 623-629. doi: 
10.1016/j.jmbbm.2010.07.004.  
26. Phark JH, Duarte S, Kahn H, Blatz MB, & Sadan A (2009) Influence of 
contamination and cleaning on bond strength to modified zirconia Dental Materials 
25(12) 1541-1550. doi: 10.1016/j.dental.2009.07.007. 
27. Bishara SE, Oonsombat C, Ajlouni R, & Denehy G (2002) The effect of saliva 
contamination on shear bond strength of orthodontic brackets when using a self-etch 
primer Angle Orthodontics 72(6) 554-557. 
28. Cacciafesta V, Sfondrini MF, Baluga L, Scribante A, & Klersy C (2003) Use of a 
self-etching primer in combination with a resin-modified glass ionomer: effect of water 
and saliva contamination on shear bond strength American Journal Orthodintic 
Dentofacial Orthopedic 124(4) 420-426. 
29. Eiriksson SO, Pereira PN, Swift Jr EJ, Heymann HO, & Sigurdsson A (2004) 
Effects of saliva contamination on resin–resin bond strength Dental Material 20(1) 
37-44. 
30. Alfaro MJ, Meyers EJ, Ashcraft-Olmscheid D, & Vandewalle KS (2016) Effect of a 
new salivary-contaminant removal method on bond strength General Dentistry 64(3): 
51-54. 
36 
 
31. Klosa K, Wolfart S, Lehmann F, Wenz HJ, & Kern M (2009) The effect of storage 
condition, contamination modes and cleaning procedures on the resin bond strength 
to lithium disilicate ceramic Journal Adhesive Dentistry 11(2) 127-135. 
32. Wegner SM, Gerdes W, & Kern M (2002) Effect of different artificial aging 
conditions on ceramic-composite bond strength International Journal of 
Prosthodontics 15(3) 267-272. 
33. Ozcan M, & Vallittu PK (2003) Effect of surface conditioning methods on the bond 
strength of luting cement to ceramics Dental Material 19(8) 725-731. 
34. Rosenstiel SF, Land MF, Fujimoto J. Contemporary Fixed Prosthodontics. 2nd 
ed. St. Louis: Mosby; 1995:622.  
35. Nicholls JI (1988) Tensile bond of resin cements to porcelain veneers Journal 
Prosthetic Dentistry 60(4) 443-447.  
36. Calamia JR (1985) Etched porcelain veneers: the current state of the art 
Quintessence International 16(1) 5-12.  
37. Swift B, Walls AW, & McCabe JF (1995) Porcelain veneers: the effects of 
contaminants and cleaning regimens on the bond strength of porcelain to composite 
British Dental Journal 179(6) :203-208. 
38. Borges ALS, Posritong S, Özcan M, Campos F, Melo R, & Bottino MC (2017) 
Can cleansing Regimens Effectively Eliminate Saliva Contamination from Lithium 
Disilicate Ceramic Surface? European Journal of Prosthodontics and Restorative 
Dentistry 25(1) 9-14 doi: 10.1922/EJPRD_1605Borges06. 
39. Aboush YE (1998) Removing saliva contamination from porcelain veneers before 
bonding Jounal Prosthetic Dentistry 80(6) 649-653. 
40. Ivoclar Vivadent Inc. Ivoclean: Proper Cleaning After Try-In. 
http://www.ivoclarvivadent.com/en/press/2011/ivoclean. Accessed March 9, 2016. 
41. Puppin-Rontani J, Sundfeld D, Costa AR, Correr AB, Puppin-Rontani RM, Borges 
GA, Sinhoreti M, & Correr-Sobrinho L (2017) Effect of hydrofluoric acid concentration 
and etching time on bond strength to lithium disilicate glass ceramic Operative 
Dentistry 42(6) 606-615 doi: 10.2341/16-215-L.  
42. Aladag A, Elter B, Comlekoglu E, Kanat B, Sonugelen M, Kesercioğlu A, & Özcan 
M. Effect of different cleaning regimens on the adhesion of resin to saliva-
contaminated ceramics Journal of Prosthodontics 24(2) 136-145. doi: 
10.1111/jopr.12170. 
37 
 
43. Peshke A, Blunck U, & Roulet J-F (2000) Influence of incorrect application of a 
water-based adhesive system on the marginal adaptation of Class V restorations 
American Jounal of  Dentistry 13(5) 239-244. 
44. Dietrich T, Kraemer ML, & Roulet JF (2002) Blood contamination and dentin 
bonding-effect of anticoagulant in laboratory studies Dental Material 18(2) 159-162. 
45. Dietrich T, Kraemer M, Lo¨esche GM, Wernecke K-D, & Roulet JF (200) Influence 
of dentin conditioning and contamination on the marginal integrity of sandwich class 
II restorations Operative Dentistry 25(5) 401-410. 
 
  
38 
 
3. CONCLUSÃO GERAL 
 
Deste estudo, as seguintes conclusões podem ser feitas: 
1. A contaminação da superfície da cerâmica com saliva, sangue e saliva+sangue 
diminuiu significantemente a RUµC; 
2. Os métodos de limpeza aumentaram a RUµC da superfície da cerâmica 
contaminada mas não ao mesmo nível do grupo controle (não contaminado), com 
exceção da pasta de limpeza Ivoclean quando aplicada na superfície da cerâmica 
contaminada com saliva. 
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APÊNDICE 1 – Delineamento experimental 
 
1 - Preparo das amostras de cerâmica 
 
Foram confeccionados 176 discos com a cerâmica à base de dissilicato de 
lítio IPS e.max Press (Ivoclar Vivadent AG, LT A2; Schaan, Liechtenstein). Discos de 
resina Duralay (Reliance Dental, Illinois, padrão EUA), medindo 13 mm de diâmetro 
por 3 mm de espessura, foram incluídos com revestimento à base de fosfato IPS 
PressVest Speed (Ivoclar Vivadent) em anéis de silicone. A resina Duralay foi 
eliminada em forno de aquecimento automático Vulcan A-550 (Degussa-Ney, 
Yucaipa, CA, USA) à temperatura de 850ºC, por 60 minutos. Em seguida, dois 
lingotes da cerâmica IPS e.max Press (Ivoclar Vivadent) foram posicionados nos 
condutos e injetados nos moldes de revestimento num forno automático (EP 600, 
Ivoclar Vivadent), com pressão. 
Após o esfriamento, os discos cerâmicos foram removidos do revestimento 
usando partículas de óxido de alumínio de 100 µm (Patterson Dental Supply, St 
Paul, MN, USA) e embutidos com resina epóxi (Buehler, Lake Buff, IL, USA) em 
tubos de PVC rígido com 20 mm de diâmetro por 20 mm de altura. Para obter uma 
superfície plana e homogênea, os discos foram submetidos ao acabamento e 
polimento com lixas abrasivas de granulações #600, #1200 e #2000 (Norton SA, São 
Paulo, SP, Brasil) numa politriz automática (APL4; Arotec, Cotia, SP) refrigerada 
com água. Posteriormente, todas as superfícies dos discos foram jateadas com 
partículas de óxido de alumínio de 50 μm (Patterson Dental Supply) com pressão de 
2,8 bars a distância de 10 mm por 15 segundos. Em seguida, os discos foram limpos 
em ultrassom (MaxiClean 750; Unique, Indaiatuba, SP, Brasil) imersos em água 
deionizada por 10 minutos e secos com ar comprimido durante 30 segundos. Em 
seguida, os discos foram condicionados com ácido fluorídrico a 5% (Fórmula e Ação, 
São Paulo, SP, Brasil) por 20 segundos, lavados durante 20 segundos, secos por 10 
segundos, e limpos em ultrassom (MaxiClean 750; Unique), com água deionizada 
por 20 minutos (Figura 1). 
 
44 
 
 
Figura 1 – Preparo das amostras de cerâmica. A: Disco de Duralay; B: Discos posicionados 
no conduto de alimentação; C: Posicionamento do anel de silicone; D: Manipulação a vácuo 
do revestimento; E: Inclusão do anel com revestimento à base de fosfato; F: Remoção do 
bloco de revestimento do anel de silicone; G: Injeção da cerâmica; H. Polimento da cerâmica 
com lixas de SiC após inclusão em resina epóxica; I: Jateamento da superfície da cerâmica 
com partículas de óxido de alumínio com 50 µm, por 15 segundos; J: Condicionamento da 
superfície cerâmica com ácido hidrofluorídrico a 5%, por 20 segundos; K: Limpeza em 
ultrassom; e, L: Disco cerâmico embutido em tubo de PVC rígido após condicionamento com 
ácido e limpeza. 
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2 - Contaminação da superfície da cerâmica 
 
Cento e sessenta discos de cerâmica foram separados aleatoriamente em 4 
grupos, sendo um grupo controle positivo (n = 10) e três grupos de acordo com cada 
tipo de contaminação (n = 50): saliva humana (SLH), sangue humano (SNH) e saliva 
humana + sangue humano (SLHSNH). Para os três grupos de contaminação, as 
amostras foram subdivididas aleatoriamente em cinco subgrupos de acordo com os 
métodos de limpeza utilizados (n = 10): ácido hidrofluorídrico a 5% (HF), ácido 
fosfórico a 37% (PA) (Ultra-Etch, lote D0LL, Ultradent), pasta para limpeza Ivoclean 
(IC) (Ivoclar-Vivadent), spray de ar - água da seringa tríplice (AW) e grupo sem 
tratamento (NT) (Figura 2). 
 
 
Figura 2 – Organograma do delineamento experimental. 
 
A saliva e o sangue humanos foram coletados de um doador considerado 
saudável que se absteve de comer e beber por duas horas antes do procedimento 
da coleta dos materiais. O projeto de pesquisa foi aprovado pelo Comitê de Ética em 
Pesquisa protocolo nº. 66970217.4.0000.5418 da Faculdade de Odontologia de 
Piracicaba - UNICAMP. Para os grupos contaminados com saliva, foi utilizado 1 mL 
de saliva não estimulada para cada disco cerâmico. A saliva não estimulada foi 
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depositada na superfície cerâmica com pipeta graduada estéril. Uma gota de sangue 
foi utilizada para contaminação de cada disco cerâmico. Para os grupos 
contaminados com saliva + sangue, 1 mL de saliva e uma gota de sangue foram 
misturados sobre superfície da cerâmica. A coleta de sangue foi realizada com 
punção por lanceta com calibre 20 (Optium Thin) utilizada em exame de glicemia, 
sendo o sangue coletado da ponta do dedo indicador do doador. Todas as 
contaminações das superfícies cerâmicas foram realizadas com os materiais 
coletados na mesma ocasião. 
Cada contaminante foi mantido em contato com a superfície da cerâmica por 
60 segundos. Após, as amostras foram secas com jato de ar e cada método de 
limpeza (ácido hidrofluorídrico a 5%, ácido fosfórico a 37%, pasta de limpeza 
Ivoclean, spray de ar - água da seringa tríplice e grupo controle – Quadro 1) foi 
mantido na superfície da cerâmica contaminada por 20 segundos, lavado com água 
durante 10 segundos e secos com jatos de ar até que a superfície da cerâmica 
ficasse completamente seca. 
Uma camada do agente de silanização (RelyX Ceramic Primer; 3M ESPE, St. 
Paul, MN, EUA) foi aplicado na superfície da cerâmica, mantido por 60 segundos 
seguido de secagem com ar quente (100°C) por 60 segundos para acelerar a 
evaporação da água/álcool. Em seguida, uma fina camada de adesivo (Scotchbond 
MultiPurpose, 3M ESPE – Quadro 1) foi aplicada sobre a superfície da cerâmica e 
fotoativada por 10 segundos com aparelho LED (Valo Cordless, Ultradent Inc., South 
Jordan, UT, EUA) e irradiância de 1.000 mW/cm2.  
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Quadro 1 – Material, marca comercial, lote e composição dos produtos utilizados no estudo. 
 
 
 
Todos os procedimentos de contaminação da superfície da cerâmica, 
aplicação do agente de silanização e do sistema adesivo foram realizados por um 
operador treinado (Figura 3). 
 
Material Nome Comercial Lote Composição 
Cerâmica   IPS e.max Press R43506 
Dióxido de silício, óxido de lítio, óxido de 
potássio, dióxido de zircônio e oxidato de 
zinco. 
Ácido hidrofluorídrico (5%) 
Fórmula & Ação - 
Brazil 
L92310 Fluoreto de hidrogênio e água. 
Ácido Fosfórico (37%) Total Etch D02LL 
Água destilada, ácido fosfórico (85%), 
espessante e pigmentos. 
Pasta de limpeza Ivoclean V32817 
Óxido de zircônio, água, polietilenoglicol, 
hidróxido de sódio, pigmentos e aditivos. 
Agente de silanização RelyX Ceramic Primer L53908 
Metacrilato de silano, ácido fosfórico, 
metacrilato de sulfureto. 
Adesivo 
Scotchbond 
MultiPurpose 
N629246 
Resinas dimetacrilato, HEMA, partículas de 
carga, álcool, água e iniciadores. 
Cimento resinoso Variolink II - Base W02576 
BIS-GMA, dimetacrilato uretano, 
dimetacrilato de trietileno glicol, vidro de 
bário, iniciadores e pigmentos. 
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Figura 3 – Contaminação da superfície da cerâmica. A: Coleta da saliva humana não 
estimulada; B: Contaminação da superfície da cerâmica com saliva; C: Punção com lanceta 
pra coleta de sangue; D: Contaminação da superfície da cerâmica com sangue; E: 
Contaminação da superfície da cerâmica com saliva + sangue; F: Materiais utilizados nos 
métodos de limpeza (Pasta para limpeza Ivoclean, Ácido fosfórico a 37%, Ácido 
hidrofluorídrico a 5% e Spray ar/água da seringa tríplice); G: Aplicação do silano; H: Fricção 
e espalhamento do silano por 15 segundos; I: Aquecimento para evaporação do solvente do 
silano; J: Embebição do adesivo no micropincel; K: Aplicação do adesivo e remoção de 
excessos; e, L: Fotoativação por 10 segundos com aparelho LED (VALO Cordless). 
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3 - Ensaio de resistência da união ao microcisalhamento (RUμC) 
 
Moldes circulares (13 mm de diâmetro x 1 mm de espessura) contendo três 
orifícios cilíndricos com 1 mm de diâmetro por 1 mm de espessura foram 
confeccionados com elastômero (Oranwash L, Zhermack, Itália) e adaptados sobre a 
superfície da cerâmica. Os orifícios foram preenchidos com cimento resinoso 
(Variolink II Base; Ivoclar Vivadent). Uma tira de poliéster e uma placa de vidro foram 
colocadas sobre os orifícios do molde de elastômeros preenchidos e uma carga de 
250 g foi aplicada por dois minutos, com a finalidade de estabelecer a mesma a 
altura em todos os cilindros do cimento resinoso. Posteriormente, a carga e a placa 
de vidro foram removidas e o cimento resinoso fotopolimerizado por 40 segundos 
utilizando LED (Valo Cordless, Ultradent – Figura 4). Todas as amostras foram 
armazenadas em água deionizada a 37°C por 24 horas. Três cilindros resinosos 
foram confeccionados em cada amostra de cerâmica, totalizando 30 cilindros para 
cada grupo.  
O ensaio de RUμC foi realizado em máquina de ensaio universal (Modelo 
4411; Instron, Canton, MA, EUA) usando para tração um fio de aço (0,2 mm de 
diâmetro) numa velocidade constante de 1 mm/minuto até ocorrer fratura da amostra 
(Figura 4). As amostras fraturadas foram observadas em microscópio óptico 
(Olympus; Tóquio, Japão) com 40x de aumento e o tipo de falha foi classificado 
como: adesiva (modo 1); coesiva no cimento resinoso (modo 2); coesiva na 
cerâmica (modo 3); e mista envolvendo cimento resinoso e adesivo (modo 4).  
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Figura 4 – Ensaio de RUμC. A: Matriz de elastômero para inserção do cimento resinoso; B: 
Posicionamento da matriz sobre a superfície da cerâmica; C: Inserção do cimento resinoso 
Variolink N base nos orifícios da matriz; D: Posicionamento da tira de poliéster sobre a 
matriz preenchida com cimento resinoso; E: Posicionamento da lâmina de vidro e aplicação 
da carga de 250 g por 2 minutos; F: Fotoativação do cimento resinoso por 40 segundos com 
aparelho LED (VALO Cordless); G: Armazenagem em água destilada a 37ºC por 24 horas 
das amostras; H: Posicionamento da amostra no dispositivo adaptado na máquina de ensaio 
Universal Instron; e, I: Ensaio da RUμC. 
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4. Análise por Microscopia Eletrônica de Varredura (MEV) 
 
Para observar a morfologia da superfície contaminada após a aplicação dos 
métodos de limpeza, 16 discos cerâmicos, um para cada método de limpeza em 
cada tipo de contaminação foram preparados para secagem ao ponto crítico. Após o 
jateamento com partículas de óxido de alumínio, condicionamento com ácido 
fluorídrico e contaminação com saliva e/ou sangue as amostras foram mantidas em 
solução de glutaraldeído 2% por 24 horas. Após esse tempo as amostras foram 
desidratadas em soluções de etanol 50%, 70%, 90% e 100% por 20 minutos em 
cada concentração. Então as amostras foram secas ao ponto crítico com CO2 (DCP-
1, Denton Vacuum Inc., Moorestown - NJ - EUA). As amostras foram montadas em 
stubs e revestidas com ouro (Balzers-SCD 050, Balzers Union, Liechtenstein) por 
120 segundos a 40 mA e então examinadas por microscopia eletrônica de varredura 
(SEM; LEO 435 VP, Cambridge, Inglaterra), em aumento 2000x e operado a 20 Kv, 
pelo mesmo operador. (Figura 11) 
 
 
Figura 5 – MEV utilizado na análise das amostras. 
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5 - Análise estatística 
 
Os valores das médias da resistência de união foram calculados e os dados 
fornecidos em MPa. A unidade experimental considerada foi o disco de 
cerâmica/cilindro do cimento resinoso. Cada grupo continha dez discos e, em cada 
disco, foram feitos três cilindros, totalizando 30 cilindros por grupo de acordo com os 
métodos de limpeza em cada tipo de contaminação. A média aritmética dos três 
cilindros foi considerada como a resistência da união para cada disco de cerâmica. 
Os valores médios da resistência de união de cada grupo representaram a soma das 
dez unidades experimentais. A análise de variância de dois fatores e o teste de 
Tukey post hoc foram utilizados para avaliar a influência da contaminação da 
superfície cerâmica e os métodos de limpeza na resistência da união. A análise de 
variância de um fator e o teste de Dunnet foram utilizados para comparar os grupos 
experimentais com o grupo controle (sem contaminação). O nível de significância foi 
estabelecido em α = 0,05. 
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ANEXO 1- CERTIFICADO DE APROVAÇÃO DO PROJETO – COMITÊ DE 
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ANEXO 2- CARTA DE SUBMISSÃO DO ARTIGO 
 
 
 
